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APOLLO-SATURN I LAUNCH
PROBABILITY BASED ON WINDS ALOFT

By Donald C. Wade

1.0 SUMMARY

Monthly launch probabilities based on wind data from the Cape
Canaveral area are derived and presented for the SA-6 vehicle. Curves
are also given for determining the monthly launch probabilities from
this site for later Saturn I vehicles with different launch wind limi-
tations.



2.0 INTRODUCTION

For scheduling and flight planning it is desirable to have some
idea of the percentage of time a launch can be expected to be successful
during a particular time period. This is a complex problem. One of the
large unknowns in this problem is the effect of winds aloft on the vehicle.
The object of this paper is to derive and present the launch probabilities,
based on wind data, for the SA-6, and other Saturn I vehicles launched
from Cape Canaveral, Florida. These probabilities are based on a seven=
year survey of the winds at Cape Canaveral and Partick AFB. (These
stations are only about 24 km apart). (Ref. 1)

The vehicle response was calculated by the method derived in
reference 2. The monthly distribution of wind speeds used can be found
in reference 3.



3.0 ASSUMPTIONS AND PROCEDURE

Listed below are the important assumptions utilized in this paper
and its references:

1. The statistical wind data is representative of any future year
(or month) of interest.

2. Windspeeds in the vicinity of a cumulative percentage frequency
of 50 percent will be most frequently encountered.

AN

Winds all blow in the same direction and are in the pitch plane
of the vehicle.

L, ?eviations from the programed attitude history are negligible.
Ref. 2)

5. The small angle approximation is valid when using angle of attack
or engine deflection angle. (Ref. 2)

6. The wind does not affect the dynamic pressure significantly.
(Ref. 2)

The procedure used in this study will now be described. The first
step was to arrive at a wind profile for each month. The figures chosen
were for the cumulative percentage frequency of 50 percent, as found in
reference 1. These numbers represent the median values of wind speed
which will not be exceeded by one-half of all occurrences (based on the
period 1951 - 1957). It was assumed that these monthly wind speeds would
be the ones most likely to be found during any particular month in the
future. Note that this is an occurrence median rather than a magnitude
mean. These profiles are plotted on figure 1.

The next step taken was to normalize these wind profiles. This was
done by plotting the ratio of the windspeed to the peak windspeed (in the
30,000 to 45,000 foot altitude region) versus altitude (fig. 2). These
curves suggest the possibility of using one normalized shape to represent
all of them. This is an especially good approximation for the months with
the stronger winds (winter months). The less critical months (summer
months) do depart somewhat from this idea at higher and lower altitudes.
(See fig. 2) These deviations however will not affect the answer appre-
ciably in the area of maximum vehicle loads, that is, the 30,000 to
45,000 foot altitude range. Therefore one normalized shape was chosen
which was representative of the stifonger wind values. This non=-
dimensional wind shape is presented in figure 3. Four wind profiles
were calculated from this shape and are shown on figure 4; these profiles
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simulate the profiles for the months of March, August, October and a
profile with a 300 fps peak windspeed.

Next the effect of these wind profiles on the C-1 vehicle loads
is studied. This is accomplished by the method of reference 2. The
use of this method is best illustrated by an example. For the month
of March the peak wind speed = 13%39.77 fps. Using this number and the
normalized shape in Figure 3, the following values may be calculated:

Ai;iZEde Vn/VPeak Vpeax Y Vo © V(n - 1)
1 Ogb £t at mid-layer fps fps 10 fps

’ : (Fig. 3)

0 -5 .15 139.77 20.97 2.10

5 - 10 .22 139,77 30.75 .98
10 - 15 .30 139.77 41,93 1.12

etc.

Now having the simulated wind profile, the angle of attack due to
the wind (qw) may be calculated as follows (Reference 2):

v
a1q s a,
10 1
V., -V
a a 2 1 - a,
1 ————— =
2 22 ) v,
v v
a a a - 2
310 %2 %33 22 g
where "a52" is "a" from row 3, column 2 in Table 1. Physically this

means it is the angle of attack response at the %rd layer (12,500 ft.)
due to a unit 10 fps wind starting at the 2nd layer (5,000 ft.).




Substituting numbers into the matrix equation yields:

1.537 2.10
. 543 .885 .98
. 255 430 .650 1.12
= o = 1.537 (2.10) = 3,23
0 -5
a = ,543 (2,10) + .885 (.98) = 2.01
5 =10
a, = .25 (2.10) + .430 (.98) + .650 (1.12) = 1.69
10 -15

The programed angle of attack (ap) must be added to these. The

resulting angle of attack (a) may then be multiplied by the appropriate
dynamic pressure (q). For the C-1 these values for ag become:

Altitude a Programed a = Dynamic Press. 2q
Layer Q a +a q
Deg D P W Deg-psf
1,000 ft. Deg Deg psT
0- 5 3,23 .80 k.03 78 314
5 - 10 2.01 <50 2.51 2kl 612
10 - 15 1.69 .20 1.89 392 T4l

Thus aq may be calculated for altitudes from O to 70,000 feet
using these data. Values have been calculated for the Saturn I vehicle
and are plotted in Figure 5 as a function of altitude. The ag at the
peak windspeed has been plotted as a function of the peak windspeed in
Figure 6 from Figures 4 and 5.

Finally the monthly windspeed probabilities for Cape Canaveral are
plotted in Figure 7 from data contained in Reference 3. For SA-6 the
aq = 3,700 deg - psf (Reference: Memorandum for Chief, Spacecraft
Technology Division from L. G. St. leger dated November 19, 1962). 1In
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this study an allowance of 1,700 deg - psf is made for gusts, thus
reducing the limit aq to 2,000 deg - psf. Entering Figure 6 with

aq to 2,000 deg - psf yields a peak windspeed of 40 M/sec. Now
entering Figure 7 with 40 M/sec, the monthly launch probabilities
from Cape Canaveral may be obtained for the SA-6. These probabilities
are listed in Table 2. Figure 6 and 7 permit the estimation of
Saturn I launch probabilities from this site for peak aq's up to

4,150 deg - psf which corresponds to a peak windspeed of 100 M/sec.




4.0 RESULTS AND DISCUSSION

Table 2 and Figures 6 and 7 represent the results of this paper.
Table 2 presents monthly launch probabilities of the SA-6 from Cape
Canaveral, Florida. Figures 6 and 7 give the capability of obtaining
this same information for other loading limitations of the Saturn I
Vehicle launched from this location., These two figures are generally
used in this fashion: The limiting aq is known or estimated; with
this value Figure 6 is used to obtain the maximum permissible windspeed
in the 30,000 to 45,000 foot altitude region. By entering Figure 7 with
this windspeed, the monthly launch probabilities may be read directly.

The wind profile during any particular launch might be quite
different from the value used in this study. It is not the intent of
this paper to evaluate individual wind profiles however, but rather to
give launch probabilities for future flights.

Windspeeds with a cumulative percentage frequency of 50% (median
values) were assumed to be the most frequently encountered values. The
normalized shape obtained from these values compares well with the
normalized shapes for all the other percentage frequency levels.

The winds were assumed to be in the pitch plane of the vehicle and
to blow in the same direction. The vehicles are launched essentially
east. The winds are generally in the east-west plane with the exception
of June and sometimes September. The winds speeds for these months are
low however. The directions are essentially constant with increasing
altitude, but there is a general tendency for a slight clockwise change.
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TABLE II.- LAUNCH PROBABILITIES FOR SA-6

| A T g 2 Gt
Jan. 58.0
Feb. 53.0
Mar. 7.0
Apr. 6L4.0
May 85.0
June 9.5
July 99.8
Aug. 99.8
Sept. 99.8
Oct. 8.0
Nov. 62.0
Dec. 59.0




7.0 TFIGURES



*TedJdaAeueqg aden

JOJL 8pN}i}Te LO uUO13}OUNL B Se UO|}NOIJ]SIp PUlM JeTeds -°T aJnbi4
03S5/UW ~. paads puip

1)7 9¢ ct 8¢ Ve 0c 91 cT 8 ¥ 0

T
T
T
W T 1+
L -
16 .
T
; : :
| " e
f ;
: i
1 r
¥ T FHT i 4
i L i !
! - H F
H
n
| !
t e
[ = t
T 1
x ! i T
I H
H H
2
o
1 1T
!
T
t 7
o i :
e § :
T L T :
; ! I
7 e ! '
4 £ t
Tt - 13 T T B9 an
HH Eis ipazes ¥
T fax if T
tHH
a1 | ¥
HH T esi 1 B
o : !
.
o8( “ : HHh
: ans LT o
- o =2 inan e T
2
AO , 4 i
- it T
= HH
t T = 3 T
190 M , : : 7
e =
: ! : F
+ T T T T =
de s HEHER ! i
{
# m t T L
b

Y T
] | eaaanas anwns: ; T i
I H
1 ! t s nas: jansa 2 H
m—.._ ; - t 4 H
] st : - i : 1 +
T ; t 3
f t S aea catan s, T t
HHH 1 HH ; : sean
e o _ , _
}
:
_ i o f T e
HHH t T SR I A A" an
0} agaE 3 } LAY
b !
+ _ 1 1
T
NE v ; ]
T I :
: t
} :
ady v i m W ” 5
; Hhes:
1 e | L
e o a9usJa Loy ey
* b e ==y
: e Sssert et e
: b
0 \ e b 1 H T H R
- 81 ¥ HHHH I I Seapfance =l zrirp,
a ; i i ;
: : a o ;
r
t T } 1 e Eadws saln mas
T 1 i i
T M 1 ;i )
t H + Hen iSeS8 AagT g audet|
. : . o8 ameamEs: RS2 nEupaeae:
" . Sl
. ucomml_ : it 1 ! 1 i
t Ht T T T
HA Hr e Tr
tH i jSesassnnnsn; ot T
H jeeansean sut Rikiegtes
FPPSTIVITIVTCTIeITINT 1 ! Hi IenEasSassSoamaiamas st B

W3 ~ 3pN3 13Ty



T-2

‘TeJaAewe) adegd Joy co_y:n_gyw_u,uomam puim Jefeas paziTewdoN -°z aJdnbi4

9°'1 LAR! 't 0°'T 8°

5T 8 S I
Ao ® _ i
108 © SRSt el R LR
1deg © : i i
Bny ¢ i i e
BRRSASREANENE ANEE - .
>H3—J o HHHH ] Rt T BRjszyitasank ﬂﬂ
aunp © L R
m FEHH T it
>N§ N =as - 2
Jdy v EHEEE EMtEHGcEcc Shaiddth ik
LNE o .HxA .1,5 1R 1T [ TIPS :
ga4 O isHdisecashaipate: HiSia1 itaibias hast gt i
uep o gk i a3t Sassa sty :
! puabaf i sa il
i e 1 Sase st ettt S M R B
F A HEH HITH e 58 SYSRYRIERE NS f , { Hf
H 13155k i Ll g
mumx - HHH ?m% A hw ahbs ST Hn Hiuds b THi H,l
T J‘.ﬁ,yw hﬁwﬁr W‘mem%wx E L:LW §igseent Insnt iR I EE 1S i
AT i R T : L i IEH
SESHERaEtISRaniERa: S SRR e Sehta Ll T eguaJalay L
T SHH L R T T i e et L
(111 T 1.1 RS G rHle.A i [ L I _ﬁn T r H .

14+ 000T ~ epN}IITV




*aT140ud

pasds pulM paz|TewJou pa3}oaTas

-°¢ aunb1 4

- M T Y Y i
i 1+ - -1 i
TIE i Z
T T ppas
E . ! e
i 4 |
HET 5 ! 15|
b4 44 M ..
1117 It
A5asss desdcafansanstn i
- ot : :
L T R RS HET
117 I it T
- T HHT
o ISgay R T IS S it
b i fisannam
e
28 FRa8s S5 jSssadds
: -
i =) 1 il
BEaNSls sunat SEREN Sual JESE TN
Ht oy g
r 2345 [PEC §ESgs Sougynbuen sesw e
Hi R R i
: : : =+ =
spea: mmsEpnpE g pees
{ 1 i t : Runbu SRRYS 35
sR4RRd SHERHSEESE ARESRES) RLREIRSESsnatditem 664 el
h T T
B iy aay I gan H i+ L‘Wrx 1
g 1 1T o TR
§ guga! THIH 111 Beggiss
i B H penss ;
11 H 1 +H
1 Mv] h L
+ » | H 1
T i w HEHN jageat b
jSss s jgbuss 1
s m - HHJ‘ _ T
H i jEns SqpaR ERSaRERERE I ;
= ISEREESR] Easens pu s
N Shddy SRYhi snds alnds IS ahy
s P T P
W il g
u [ Ty L
H 1 : jus
am e 4 muwe T T -
‘@ i LT T 4
; L R § |
T — s . -
SR EEs SE e et 7 &
ugifgase agnglonans JagnEnas { jau ol
t t 1 iwi )
[ngupgnspu T T B =1
Hi RS AEREE u8: T I )
LT U g Bhte sasd §8ast uel 1 :
. SanEpeys us TR TR = ﬁ
I nws Sudindn t
[ H gt Hinuiasgns SRR naRas SRR EAL : N
| A L [Saags -
1T 11 L < 4 N PRY & _vv e M H.r MRy R
H RSB BEs dunns pEu For : fRes J58 08 500w §
1 rH i 4‘1 1 ;y_n.vvvl I ﬁ M A_ﬁ %AAT J»_ I
Tl ) HH T 1 by A...»LOh ]
H LT Sdsssntsasistind: fgEme sl Y [aos SEREE Eatas £5
NS0 anund bui e S B L T L I b Sunn
. . “

314 000T ~ ®pN3}!13TYV



smasa*sesasmuas sunssyans: T
TR : :
a4 T T
(4] T m
ot (i3] ?
o :
[ 4p)}
o a.
Ko BN «gi 'S
H (= I & ]
H + L O Hr
T O m Q T
ass Q m ! b
= o 3
e EH T +
+ 3 T
- i _ i Saz] Set
7
+
F :
£ t
= _
e
P _
;
T _
it ,
+ :
— +
| B ; :
e
] +
T { 1 1
: ; ! 1 :
HH 4 ! 7
i : :
T
:
i i
3 : :
L T
f
3 -
:
; T
g s
o :
:
T T T T 1
o }
ep IR unw
28 T 1 H
e R HHH Y HH T + T ot
ST + s EhiteteTas sasqeansss seosnaan: 2
o o o o o o

14+ 000T ~ 8pN3ITY

120 160 200 240 280 320
Wind speed ~ FPS

80

40

Figure 4,- Wind profiles based on normalized shape.
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Figure 7.- Wind speed probability for Cape Canaveral
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